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© Tumor therapy with biologically active antitumor antibodies. 

(p A method for identifying and using antibodies which are 
directed against tumor-associated glycolipid antigens and 
wn,cn are capable of activating serum complement or anti- 
body dependent cellular cytotoxicity. These antibodies find 
use in the therapy of tumors. Administration of the antibodies 
results in lysis of the tumor cells in vivo 
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TIM3R THERAPY WITH BIOLOGICALLY ACTIVE ANTI -TUMOR ANTIBODIES 



FIELD OF THE INVENTION 
The present invention involves antibodies that are 
(a) directed against glycolipid antigens on the surface of 
tumor cells, and (b) capable of activating complement and/or 
mediating an antibody-dependent cellular cytotoxicity 
5 resulting in the lysis of the tumor cells to which the 

antibodies bind. The antibodies of the present invention can 
be used in the tree t:r.i»nt of tumors. 
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2. BACKGROUND OF THE INVENTION 

2.1. TUMOR CE LL ANTIGENS AND ANTI-TUHOR ANTIBODIES 
Tumor cells express certain antigens which are absent 
5 from r or present in small amounts on, their normal cellular 
counterparts. Most of these are differentiation antigens, 
shared by the tumor and certain embryonic cells. Some ot the 
antigens that appear with sufficient selectivity in tumors 
may serve as possible targets for therapeutic agents. This 

10 has been recently. reviewed for malignant melanoma, which is 
one of- the human tumors most studied in this -respeGt- 
(Hellstrom and Hellstrom, in Accomplishments in Cancer 
Research-194 Prize Year, General Motors'^cT^^fHRese arch" 
Foundation, J.G. Fortner & J.E.'Rhoads, eds., J ."B ."Ti'ppTncot t 

15 Company, Philadelphia 19B5, p 216-240, as well as for other 
tumors (Burchell and Taylor-Papad imitr iou, ir^R.W. Baldwin 
and v.s. Byers, eds., Monoclonal Ant ibodTes~for : "Tumor 
Detection and Drug Targeting, Academic Press ,-.19S5 , pp. 1-15; 
Kemshead, ibid , pp. 281-302). 

20 Many antibodies have been made to cell surface antigens 

that are expressed in greater quant-itie-s-^y human-tumors than 
by normal tissues. It has also been well established that 
antibodies to cell surface antigens can be cytotoxic to tumor 
cells in the presence of complement (Hellstrom et ai., 1962, 

25 Progr. Allergy 9: 158-245), and that some antibodies can 
mediate antibody-dependent cellular cytotox ic ity ( Perlmann 
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et al., 1969, Adv. Immunol. 11: 117-193; MacLennan et al. f 
1969, Immunol. 17: 897-910; Skur2ak et al., 1972, J. Exp. 
Med. 135: 997-1002; Pollack et al . , 1972, Int. J. Cancer, 9: 
316-323). In the first case, an appropriate source of 
complement (generally rabbit or guinea pig), and in the 
latter case a source of effector cells (generally of mouse 
origin) is needed. 

The evidence that antibodies to tumor-associated 
antigens can kill human tumor cells in the presence of human 
effector cells is more recent (Hellstrom et al., 1981, Int. 
J. Cancer 27: 281-285; as is the evidence that antibodies to 
such antigens can kill tumor cells . in the presence of human 
serum as a source of complement <Hetistrom et al-, 1985, 
Proc. Natl. Acad. Sci . 82 :- 1499-1502; -Hellstrom et al., 1985, 
Monoclonal Antibodies and Cancer Therapy, USCLA Symposia on 
Molecular and Cellular Biology, Vol. 27, pp. 149-164 Alan R. 
Liss, Inc., NY). 



2.3. THERAPEUTIC USES OF ANTI-TUMOR 
ANTIBODIES AS CARRIERS OF 
RADIOISOTOPES , TOXINS OR DRUGS 

Attractive approaches f or -preparing -anti-cancer agents 

involve labeling antibodies with radioactive isotopes (Larson 

et al., 1983, J. Clin. Invest. 72: 2101-2114; Order, 1984, 

Compr. Ther. 10: 9-18; Carrasquillo et al . , 1934, Cancer 

Treatment Reports 68: 317-328; de Nardo et al. 1985, Int. J. 

Radiation Oncology Biol. Phys. 11: 335-34S) ; ~or conjugating 

antibodies to toxins (Jansen et al., 1982, Immunol. Rev. 62: 

185-216; Vitetta and Uhr, 1984, Transplant.* 37: -535-538) or 

anti-cancer drugs .Ghose et al., 1972, Brit. Med. J. 3: 495- 

499; Hurvitz et al ., 1975, Cancer Res. 35: 1175-1181; Rowland 

et al., 1985, Cancer Immunol. Immunother. 19: 1-7). The 

antibody gives the specificity and the isotope or drug 

provides the ability to destroy the tumor. However,, a 

disadvantage of this approach is the fact that both anti- 
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cancer drugs and radioisotopes have a high level of toxicity 
to normal tissues. Thus, nonspecific uptake in various 
organs such as kidney, liver, or bone-marrow could lead to 
substantial side-effects • 

5 

3. SUMMARY OF THE INVENTION 
The present invention is related to antibodies which are 
directed to glycolipid antigens at the surface of tumor cells 
and which belong to a class of immunoglobulin capable of 
10 activating serum complement and/or mediating antibody 

dependent cellular cytotoxicity by human effector cells. The 
antibodies of the present invention can lyse the tumor cells 
expressing these antigens both in vitro and in vivo. 

~_J " The^invention is also directed to methods for treating 

15 tu _ mo JL s ill vivo using the antibodies of the present invention 
as therapeutic agents. After administration in vivo , the 
antibodies of the present invention should bind 

\_ preferentially to the tumor "cells which express the 

- — --SAicplipid antigen. Upon binding to the tumor cell, either 
- : 20~*~- serum complement will be activated or antibody dependent 

cellular cytotoxity will be mediated resulting in lysis of 
the tumor cells. 

ThC method of the present invention offers several 
advantages over techniques which involve the use of 
25 antibody-conjugates, because radioisotopes and/or toxins, 

which may exhibit a high level of toxicity to normal tissues, 
are not required. Moreover, nonspecific uptake of the 
unmodified antibody molecules of the present invention by 
normal tissues should result in minimizing side-effects of 
' the therapy. 
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3 * 1 ' DEFINITIONS 
The terras listed below win h=»„*> -v 

ADCC « antih^ « »-»ning. indicated: 

ADCC antibody dependent cellular cytotoxicity 

5 Th A ' - PETAILED PM™iptioh nr tu C ™< TtTTTrin 

of ant b\™ the use 

^colipid antiset/I^^ 

which the antibody mo iecule binds. „ ore specific!^ th 
anybodies should belong to a subclass or fJt£ 
com P lexin 9 with the g ly C0 li P id t.or-asscciat n ! " P ° B 
activates serum complement and/or mediates antib " 
cellular cytotoxicity (ADCC , by activat ^ ' 

such as natural Uller cells or macrophages. e-1 -*V.-..- 
The present invention is also directed t« m 

"L" : nt r:;:: P L n r r ve ::: r - - 

antigens can be used in vivo for tumor *h 91 * coll Pid 

i — ^ tumor therapy. r n f ac * 

since many tumor-associated glycolipid antin 
(Hakomori, 1984, Ann Rev t * ° Pld antl «« n * exist 

Ann. Rev. Immunol. 2: 103-126) . 
anybodies. lik . „ dMerlb- herei ^ - « o ... 

spectrum o£ human tumors , th , anUboaiM £ • 
therapeutic use hev. o.ner.l .ppi ie . btlity . 

<-1 ' °^rm E -V SIICS 0F T » E ANTIBODY 
MOLECULE& nr T, j E invent Ti*im * 

^ antibo<li « » t"o „. 

t° » larg. extent, by th. Fc r.„i- , 
antibody „ 0l ecule ,„.„„. and bJ^J" "' V ^ 

— 10 oy. Jnd Edition , wulia ^ c ; ;c Ch k o£ 

»•)• This i„cl„ d .s their .baity to c Wate co V*" " 8 " 
to m.di.t. antibody-dependent ceUul a /" 0 L • P "* 
effected by natural kill.. cytotoxicity (ADCC) as 

killer cells or macrophages. Antibodies 
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of different classes .„d subclasses differ i„ this respect 
•nd, according to the present invention, antibodies of til 

5 :;:;r:::ss F :r::t::r 91obuu " s o£ »• *« - 

binding to the target c.Us IT e " Pl ~ nt 
antigen. *" Ch " P "" the «*"•«• 

In general, antibodies of the I,G2a and I, C3 subclass 

I.U t\T y 1,S1 ADCC ' "X 1 *«ibodie o ' 

, igtt. !gc 2 a and I,„ subclasses bind and activate se-um 
compi.m.nt. Compltn .„ t . etiv>tion - » 

the target ceU. However, the binding of only one ■ xg,' 
molecule activates serum complement." " ' — * — 

The present invention is based, liTpart, upon iie ' ~ 
discovery, that the effectiveness of tumor cell Hsi. Li.t • 
by . Particular antibody subclass varies dependl poT " 
type of tumor antigen , s , init ^ th , ^ggg^ 

s uirectefi against tumor cell surface alveoli™* 
« igens which can mediate the UUin, 6 f th . „^ ° ^ 

lllil pr, " nce o£ elthec "—»■■• «-»««-« 

: ° r hU °'" » * source of effect 

By ""bodies of the same subclass which 

::: £EL.r" t pr °" in - - - — 

of thl\7 bmt f ° £ PirtUular '""body to med-iate-iy-s 
of th. tumor cell target by complement activation and/or « c 
«n be assayed using the test systems described in the 
x-Ples herein. Accordingly, the tumor c.lls.o i„ r ..t 
c« be grown and labeled in vitro, the antibody j. a"" to ' 
the u „or cell culture i„ combination with eithe , „„ 
complement or with lymphocytes which may be activ.t d Tv t. 

3 tne release of label from the lysed 
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cells. m fact, antibodies can be screened usinc the 
patient's own serum as a « - 5 6 

lvmD . , „ n aS a SOurc ©» co.-nplen.en-. and/or 

lymphocytes. The antibody that is capable of .ctivlf 
complement or mediating ADCC in th . < •«w« tlng 

"» Autu in the in vitro ^ . 

5 used therapeuticallv i« » k ii££ Can then be 

, .-k 7 that P arti ^lar patient, 

to the Antlb ° CleS ° f v »tually any origin can be used accordino 
to the present invention provided they define a tumor 

> continuous^" ^ "'7"" ^ *< * 

tumor- , "PP^y- In fact, by immunizing mice with 

tumor— as social . . * wit^ 

described herein, it should be possibl! V 

a panel of anttt^ol^ewibre raPl,!ly establi " 

^n^r",' inVention 11 demonstrated using no „.e 
»onoclonal antibodies, the invention is „ ot so liJL • 

2026-2030, or b," , jl ' k ' ' 80 : 

vitro ,Coie et .1 * " lth " V "»» '» 

to the i„ v .„ti 0 „. technics recen y vel pe "for 
production of -chimeric antibodies- Horri oT.t .1 984 

0£ -p-P-a;: 1 :::; e h ^HicuTt:"::" antibody — 

*-.« antibody molecule of -PP i toLoTV'"" • 
(such as ability to activat. h bl °l°Sical activity 

ADCC, «.; be used s ch „ t b o C °" PU '"" t - -*«. 

=>eu, sucn antiboaies are within 

-is invention, as Ion, as they specify Su"*.^ " 
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glycolipid antigens and ean ■ 

a ang can mediate Aorr t. 
cells and/or , ctivate huma „ CMpl ^ en A t KC " lth " elector 

5 xh. J;. 2 ', - HERA?£oT,r ° f »»t , r . 

5 The methods of the n-espn* " • 

•PPiy antibodies f6r th /;"' ' ln : entlon b « to 

the native antibody in anT * ° £ tU " 0 " b ' """^staring 
reduction of the til b f « «"»e 

the mechanism be cZLen y ":. 0t "* »*«her 

complement activated Ivsis ^ 
10 The selection c£ „ .^i^"" * XC - 

depend upon the nature of th. . UDCla « 'or therapy „ iu 

... «tw.» is hi BMy specific £oc S iy=oii P id 

~ e »Lf» ™ cells. Hoveve wh« the"!" ""^ 

,5 entigen ^.- <Md in ^"^^ '"m-associated 

lover" level,; t-B. igG ^subclass m,v . albe " « »»eh 

following reison! Lnoe the L - "« £ «r.d *or th. 

-lecules in close ^ ^t^l-L" ^'^ ™ ' 
compleme^^ .=tiv»e 

10 normal .tissues which express sn.-n ' * y ° CCUr in th « 

furthermore. l9G „ olecule ' \ £ ^ 

• thi ^r — «.o iccaiiL t : : u ::; 1 t 1 ;: s :i y be more atie 

induction of an inflame ««ects, including the 

an 1 animator v recnnne* * 

Prophages (0 „a„ ue and Be „I c ! a P nS 9 ? d h * of 
Immunology, - 2na - Edition „,.,. "' 1984 ' ""book o£ 

=eus .:: n ; 0 1 l~ ch - 12 

, of activated macrophages t„,„ cytolytic effect 

1M2. Springe S m „ 7" " 1U «"«« »d 

increased vasodilation ae ■ * = 161-17.. The 

.Muty of v : :::t?t° iBn — 

-emotherapeutic drugs, ". i ^ ^tuhT " 
localize i„ tumors. Therefor. '""bodies etc., to 

Therefore. antigen-antibody combinations 
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of the type specified by thi* « „ 

therapeutically ,„ nany C " " — 

Proble»s normally « US L ' V "«—«t »,.„y of the 

populations (sine, ant'o.n Itr .« t umor cell . 

S -in, the approach o r «» alio b. kU1 « 

purified ,l" B «p? d Lm. ,n ; entl ° n) - 
Immunol. I. „ , " ^ 5 " S «""«-«*. »M. Ann. Rev. 

,0 .ueh antigens could be used to in/ "l" ln o to 

-ponse in huia an cancer" tUn ^u" 
the formation of antibodies c.p.bl'. \ ' ""° nM 

;:-pTe„.„t and Ml . tl „ iLdb*; hunan 

r _ =r _tumor destruction. mechanisms cause 

MG-23, which are sDeci'ir * 2B2,IF-4 and 

-*>t-ibody, L6 . uhich is specl£ °"« W«. 

"pressed by cells" £-o„ h ' °«°"oside antigen 

carcinoses. breast carci "°'" S ° i ' U lu "» 

51 Cr essay), if , ith . r „ " * ln * sh °»-t*™ (2 or , hou . 

>».» s„i or .; :r r;:: 11 »» «•» = £ 

Wan blood ^^hccytes/ th,., rnub^ " " ° £ 
".both mediate ADCC and ™/ " tlbodl ". «G-21 , MG-23 and 

Antibodies to e^h. of T r dePendM " 

anVioVns c9 , " a "^"om.-.ssoci.t.d protein 

«»:../. t , tr r ::r iycan ' uMch «• •» **. 

Produce eiiher ADCC or I"" 1 "" 3 Mtl »>"" to 

««tio„ s . ; : :r^--r-"' 

lun, carcinoma cells vhicn^f^ " tlgenS °" 
to mediate AOCC o colo I "° " «"«•« «H- 

*« antibody J . ^ ™\ cytotoxicity. An 

presence'^ , ousV lor 'J" -."'"»'«" "l."o«. cells in- the - - 
small transplants of h ^P""*". vas able to destroy 

«t.ibod-ie.-.Lr-:idm^-- e -^il " Ude -.11. 

d '" In5 ADCC s-ilarily testTTTo^d 
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not. Serum f rom patients with cancer, even with di. ■ 

mechanxsm, , s vell „ othcr Bec „ a r . ' H - S 

antibody. . blU ty to madi.t. ADCC oc J t '££ 

complement, can be used as a h,.,. . UMn 

human tu»or therapy of 



„ TREATMENT np Mr,. 1 

Four 'S" antibodies, 2B2, l F 4 Mr , * „ 

effector cells an * - * combined with human 

KiU meu Im « ^ a " tib0di "' HG -" « 

— « complement ^.Tl"'"" " * ' 

-WUh.mous. e«e=tor ceUs, ,./ fo ^ ** „ — 
of a human melanoma in nude mice » lth „ T ""growth 

e Aac * tn ese characteristics irr«n.^,- 
-aritfgi-nic targets an »n*-<K „ "respective of their 

-x— ceu: ::; c ::b:d": riL irrinn r sen o£ 

Acad. sci. USA 80: 5407-5411) ha. h N3tl * 

w ' 3 «a.u» has been reoort-e^ v. 
antitumor effect thaf . ^-ported to have an 

tect that appears similar to that of 2B2 
51 _. Hlgh cytolytic activity was detected \ ! 

51 C-release assays when human lymphlcy s !l I ' T" 
antibody and tested against eel i. combined with 

— ,„t i0 e„ ; „z r ::;: n a s i:;: 9 - — °< 

ineffective c<„~,**- ies alone were 

•ntibod d'ses : o r, ADCC " «" " 

«n. l me £ ct°:: :„ n : i ;: th - ,„.« 

lacking the GD3 a„tio!„ antl S«-sP'ci£ic, since cells 

•nt.oen were not killed .„„ the eoul(J 
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be competitively inhibited by addition «# 

tumor cells. * addltl0n o£ ^Sen-positive 

Antibody 2B2 oave ei« R ix« 
•PI... lymphocytes , el T C ° 0U " 

s This Pr0 v ldea „ £ ; ::T dy m dia 

a=- Uy of the two antibodies ^ « "^7: . 
melanoma expressing hloh levelj o£ « " " hUI " n 
32 effectively prevented tUBOr outgr.wtn 7 *»""«»!y 
treated ..... vher .. s .^^^ ' 7 ' ™\* th. 
,0 However, we e . nnot conclu , e / * " «"« n0 inhibition. 

conceivably have 0 fh a ^ « w . it could 

. -H..!^^, activation. C "" r «' 

15 -Srnce-antibody 2B2 could destroy sm.ll o ... 
- • -tumor- impiant^n -^de^ice it "°^ c 7" < dla »«~> 

in the presence of human rather *t Sre "« 
may .peculate that it !L \ m ° U " ^hoeyt... on. 

impla„t^ in th ." c ^ ot ^ " ela "°- 
» -.^^n^S^ZZr^ — »is; t< 
-Ply P.n.trati„ g primary X^Z^^ ~ 
prognosis, studies on patients wi th - «««*«•, poor 

that aymphocytes from Z t c i ""T^"' 
25 Significant ADCC. However, an ADCC w h 9l " 

lymphocytes from these pat ent. were " ^ 

growth factor. ""aents were f lrs t exposed to I-c.ll 

»»-•». ^ch j ini::;:^::^.":::::: ~ " 
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4*2.2. TREATMENT OF CARCINOMA 
An IgG2a antibody, L6, is described that is highly 
specific for a ganglioside antigen expressed by cells from 
most human non-small cell lung carcinomas, breast carcinomas 
5 and colon carcinomas. The L6 antibody and the antigen it 
defines are described more fully in copending U.S. 
application Serial No. 684,759, filed December 21, 1984 and 
in Serial No. 776,321, filed October 18, 1985 which are each 
incorporated by reference herein. 
10 The L6 antibody can mediate ADCC of the tumor target 

cells in the presence of human lymphocytes or macrophages. 
.... In-^addition, the L6 antibody can activate complement upon 
. . .. binding . to the target tumor cell in the presence of human 

se-um. Thus, the L6 antibody could be administered in vivo 
V 5 ~f orthotherapy of lung, breast and/or colon carcinomas. 

5. PREPARATION OF MONOCLONAL ANTIBODIES 
The subsections below describe how the antibodies used 
. r;-_.in. the- examples which follow were prepared, 
20 The binding assays used to characterize the specificity 

of the antibodies were performed by using radiolabeled 

arvtibodies (Brown et al., 1981, Proc . Natl. Acad. Sci. 78: 

539-543); cultured cells (10 6 ) were incubated at 4°C for 30 
minutes with 10 6 cpm of 125 I-labelled antibody in 100 pi of 
25 heat-inactivated (30 minutes at 56°C) fetal calf serum in 

culture medium. After the addition of 5 ml of PBS, the cells 
■ were-pelleted by centrif ugation for 10 minutes at 250 x g. 
The supernatant was aspirated and the pellet was assayed for 
I*. To measure nonspecific binding, parallel incubations 
-30 w * re Performed with 10 wg of unlabeled antibody as a 

competitor (Brown et al., 1981, Proc. Natl. Acad. Sci. 78: 
539-543). In some instances binding assays were carried out 
in an analogous fashion on cell monolayers attached to 
plastic culture dishes. ...... 
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5.1. MONOCLONAL ANTIBODIES DIRECTED 
AGAINST MELANO MA GLYCOLIPIDS 

In order to prepare antibodies directed against tumor- 
associated glycolipid antigens of melanoma cells/ BALB/c mice 
were immunized with a melanoma cell line, SK-MEL-28. and 
their spleen cells subsequently were hybridized with NS-1 
cells. Hybridoma supernatants were screened for binding to 
GD3 that had been isolated from melanoma tissue and attached 
to the surface of the wells of Falcon 3034 Microtest plates 
as previously described (Yeh et al., 1982, Int. J. Cancer 29: 
269-275). Irrelevant gangliosides were included as controls. 
Hybridomas 2B2 and IF4 were derived from one hybridization, 
and hybridoma MG-21, from a different one. MG-23 is an 
antibody that has characteristics similar to those of MG-21. 
They were cloned twice by limiting dilution; all make 
antibodies that are IgG3 according to gel diffusion. 

For comparison, two different antibodies, 96.5 and 48.7, 
were used. The former is an IgG2a antibody directed against' 
p97, a melanoma associated glycoprotein of M r 97,000 (Woodbury 
et al., 1980, Proc-. Natl. Acad. Sci. USA 77: 2183-2186; Brown 
et al., 1981, J. Immunol. 127: 539-546), and the latter is an 
IgG2b antibody specific for a proteoglycan antigen expressed 
by most melanomas (Hellstrom et al., 1983, J. Immunol. 130: 
1467-1472). These antibodies have not, in previous 
experiments, given significant ADCC or inhibition of human 
melanomas in nude mice. 

Antibodies were affinity-purified on a column of 
staphylococcal protein A covalently linked to Sepharose CL-43 
(Pharmacia) by elution with 0.1 m citrate buffer, pH 3.5 or 
4.5 (Brown et al., 1981, J. Immunol. 127: 539-546). 

Antibody specificity for. melanoma was established by 
binding assays with cultured cells , as published^ antibody 
4.2. (Yeh et al . , 1982 , Int. J. Cancer 29 : 269-275; Nudelman 
et al., 1982, J . Biol. Chen. 257: 12752-12756). Specificity 
was confined by immunohistological studies on frozen section 



(Garrigues et al . , 1982, Int. J. Cancer 29: 511-515), in 
which antibodies 252, IF4, and MG-21 stained samples from 
approximately 80% of metastatic melanomas, whereas normal 
tissues, including kidney and brain, were not stained; the 
specificity data for 2B2 have been published (Hellstrom et 
al., 1984, Contributions to Oncology Series: Genes and 
Antigens in Cancer Cells, eds. Riethmuller, G., Koprowski, 
H., Van Kliest, S. £> Munk, K. (Karger, Basel), pp. 121-131. 

5.2. MONOCLONAL ANTIBODIES DIRECTED AGAINST 

NON-SMALL CELL LUNG CARCINOMA GLYCOLIPID 

The L6 monoclonal antibody was prepared as previously 

described in co-pending U.S. Application Serial No. 684,759 

filed December 21, 1984 and in co-pending U.S. Application 

Serial No. 776,321 filed October 18, 1985 each of which is 

.Incorporated by reference herein. The preparation of 

monoclonal antibody L6 is described briefly below. 

Monoclonal antibodies were produced by immunizing 
three-month-old BALB/c mice with explanted cells from a hu^ian 
adenocarcinoma of the lung, 2981. The immunization was 
performed by injecting the mice intraperi toneally 4 times 
with approximately 10 7 cells. Three days after the last 
immunization, the spleens were removed, suspended in culture 
medium and fused with NS-1 mouse myeloma cells (Kohler and 
Milstein, 1975, Nature 256: 495-497). The mixtures were 
seeded to form low density cultures originating from single 
fused cells (clones); the techniques used for the 
hybridization have been previously described by Yeh et al., 
(1982, Int. J. Cancer 29: 269-275). 

Supernatants from hybrid cells were screened by using 
both an ELISA assay and an autoradiographic indirect * 25 I- 
labeled protein A assay (Brown et al., 1979, J. Immunol. 
Meth. 31: 201-209) against extracts from the tumors used ior 
immunization which contained, inter alia , cell membranes. 
These extracts were prepared using a procedure modified from 
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15 



20 



Colcher et al . (1981, Cancer Res. 41: 1451-1459; Y*h et al 
1962, Int. J. Cancer 29: 269-275). To prepare the extracts' 
tissues were washed and suspended with PBS ; for intact tumors 
this was done by pressing through a stainless steel screen. 
5 After this, ImM NaHC0 3 containing 1 mM 

phenylmethylsulfonylfluoride < Calbiochem-Behring Corp., San 
Diego, CA) was added, and the material was then homogenized 
on ice. After centrif ugation for 15 minutes at 27,000 x g, 
the supernatant was removed, and the pellet was resuspended 
10 in PBS, sonicated for 1 minute, and stored at -70 °C. 

Hybridomas which produced antibodies binding to the cel^ 
membrane extracts were cloned, expanded in vitro , and further 
tested for antibody specif icity_.„ This testing was carried 
out by using an immunohistolog ical technique (Garrigues et 
al., 1982, Int, J. Carrc^-M: - 5 11-515) , in which the ability 
of the antibodies to bind- to- frozen -sections of lung 
carcinomas, other tumors and normal human tissues were 
tested. Those hybridomas which produced antibody of apparent 
specificity for human-i-ung-^ancer were recloned, expanded and 
inoected into pristaW-prImea--Efiree-month old BALB/c mice, 
where they grew as ascites" tumors . 

Antibodies secreted into the ascites were purified on 
protein A Sepharpse_tEy_et_al.._,..iX7i, Immunochemistry , 15- 
429-436) or by gel filtration in Sephacryl S-300. Purified 
25 antibodies were used for further characterization which 
included additional specificity tests by immunohistology , 
binding assays on intact cells to determine which antibodies 
bound to the cell surface, and by. radioimmunoprecipitation 



tests . 



30 Monoclonal antibody. L6; was- produced from the 

corresponding hybridoma as described above. 
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6 * A5SAYS USED T0 ^"^nu ajHLHo^^ 

6#1 * IS07YPE PFT P iRMINATIeM 

Two techniques were used TrTTTI • 

5 Ouchterlony inununo-dif f usLTanl * ^t^' 

well plates. ° * n out in 96 - 

For Ouchterlony immunodiffusion, an aliquot of 
supernatant of particular hybrid cells was 11 ■ 
center well of a 2, ag ar plate. «c„o-sp c c ^ 
,0 »ouse ig isotypes antibodies (Melov Lab c Sntl " 
were placed in the outer wells and ni \ ^S^^' VI > 
hours at r« om *. Plate vas incubated for 2 

o«.s at room temperature and overnight at 4 - c 

Flexible polyvinylchloride 96 weU Dl , t 
coated with 0.1 mo/mi . Plates (Costar) were 

u.i mg/ml goat anti-mouse la » b hk~i- ' * 
j 5 hours at 37«r an rt ^ . 9 antlt> odies for 2 

15 J7 c and countercoated with a 31 no , , . 

• -hours at 37»r Tho k k BSA solu tion for 2 

c. The hybridoma supernatant -.v 
at 37«c for 2 hours "P ernat ant was then incubated 

* nours. After washino with bbc k 

aibu» in „„, plates uere ^ • t 3 7 r c Bs ; o b .°; 1 " —» 

..onosp.cific rabbit , nti . TOUSe 4n u^' d " Uit " 

0 to peroxidase (2ymed , South ° «t bodies coupl , d 

w« in,, pl at . t wese incubated J- «). After 

1 Peripheral blood lymphocytes f,„ << 
»™an subjects were separated on ncoIl-L '* '" ,l0,y 

»•!.. I»t. 0. cancer 27- 28 ,., 85 t ^ " iellS "°'° « 
ceils and „.„ pcescceened £ J w s "r"" 8 e " e "°- ' " 
10%) natural killer „n . than or e ^al to 

ind.ca^ 1 :;^ s r;:: 1 ;:::/:; 1 ;" -»•• 

- spleen 1Wla ^- ^^^L" 
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were also included in two tests. Target cells <10 6 ) were 
labeled by incubation with 100 nCi(l Ci=37 GBq) of 51 Cr for 2 
hours at 37 »C, after which they were washed thre< times and 
resuspended in medium. The labeled cells were seeded (2 x 
10' cells per well in 20 wl) into Microtiter V-bottom plates 
(catalog no. 1-220-25X, Dynatech Laboratories, Alexandria, 
VA). Purified antibody (100 i>l per well) then was added,' 
followed by 2 x 10 5 lymphocytes per well in 100 ul; 
experiments with lower numbers of lymphocytes per well and 
with lower antibody concentrations also were carried out. 
The mixtures were incubated for 2 or 4 hours (See Tables "and 
text), after which the plates were centrifuged at 400 x g. 
The supernatants were removed- and the radioactivity in 100 wl 
samples was measured with a /r-counter ; - There were two 
replicates per group; thevariation between replicates_ was 
always less than 10%. Spontaneous release" was defineTas the 
cpm released into the medium from target cells that were 
osmotically lysed at the end of the_assay_. Percent 
cytotoxicity was calculated as ; :__IT 



experimental group release - spontaneous release 
total release - spontaneous release 



x 100 



6.2.1. ISOLATION OF LYMPHOCYTES AND 

CHARACTERIZATION' OF EFFECTOR CELLS 

Two types of donors of human blood lymphocytes and sera 
were tested. First, we used healthy, adult human subjects, 
25-45 years of age. Second, we tested patients with 
melanoma. After the blood samples were drawn" using 2 0 units 
heparin/ml of blood, lymphocytes were . separated on Ficoll- 
Hypaque (Hellstrom et al., 1981, Int. J. Cancer 27: 281-285). 

Most tests were done on lymphocytes frozen in a mixture 
of 10% dimethylsulfoxide (DMSO) , 20% fetal calf serum and " 
RPMI culture medium (Grand Island Biological Company, Grand 
Island, .NY) as previously described (Hellstrom et al., 1981, 
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Int. J. Cancer 27: 281-285) and were thawed at 37»C prior to 
testing . 

In order to characterize the effector cells, tests were 
performed in which lymphocyte preparations obtained by 
separation on Picoll-Hypaque were incubated for 1 hour at 
37 e C in plastic culture flasks to remove adherent cells, 
after which they were passed through a nylon wool column 
(Julius et al., 1973, Eur. J. Immunol. 3: 645-649); the cells 
in the column effluents were used as a source of effector 
cells. In other tests, the Ficoll-Hypaque-purif ied 
lymphocytes were incubated for 1 hour at 37«C with a mixture 
of anti-Leu-llb antibody ( Becton-Dickinson, Mt. View, CA) at 
a concentration of O.l-ug/io 6 lymphocytes and rabbit serum 
diluted 1:5 .(--as ^source .of complement); this was done in 
order "to aboli sh~rea"cti'vity mediated by natural killer (NK) 
cells (Thompson et-a-l-.; - 19ff2, American Association for 
Clinical Histocomp. Testing, 8th Annual Meeting, p. A23 ) . 

6 * 2,2 * , t A £A ^g'^.* 0 F __ L y»PHOCYTES WITH T-CELL GROWTH FACTOR 
Peripheral blood lymphocytes (10 6 /ml) were treated with 
T-cell growth-factor by incubating the lymphocytes in vitro 
for 5 days in the presence of 10% human T-cell growth factor 
(TGF, Celiu-Lar- Products f -I-nc, Buffalo, NY) 20% human AB 
serum and 70% RPMI culture medium. 

6.2.3. TARGET CELLS 
Five different human melanoma lines from metastatic 
melanoma were used.- All- except one, M-263 4, express high 
levels of the GD3 antigen according to binding assays, which 
were carried out as previously described (Yeh et al., 1982, 
Int. J. Cancer 29: 2.69-275; Nudelman et al., 1982 , J. Biol! 
Chem. 257: 12752-12756). Four of the lines, SK-MEL-2B - 
(Woodbury et al., 1980, Proc . Natl. Acad. Sci. USA 77, 2183- 
2186), M-2669 clone 13, M-2634, and M-2765. were propagated 
111 vitro.. The fifth line, M-2586, failed to. grow in vitro 
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anc so was serially transplanted . „ „ . 

better than , ny of ^ ^ » »— «... ».re it sreu 

carcinoma li„. cs27 „„ lun, (bronchial) 

specificity. i t ,j 0 .. „„„ control for antibody 

s ' do « "« .'"Pres. detectable G M antigen. 

Th e til^^mamsmEmaLiati- 

»ru* ,s a source 0£ cwl 115 " th « P«««=. of hunan 

,0 similarly to th. assay, £or £l ! " rri,<i ° W 

undiluted unh.ated huL„4 r L VM « 
inst.ad of a suspension of .«.cto"!n 
-eri.ed from no nil human «ru„ was 



15 



20 



25 



30 



35 



6 ' 4 * IEST__OF_ANTlBppy ACT1VTTV T „ m - 

Athymic nude lllu/Jlu) two . J ^ 

were obtained f rora ^^^^ » aie 

housed in fiit.*-top cages ill * Laborato "« and 

condominium unit.. P6r Cage) P la «d in 

The mice were n*-***. ^ 

• ~ii Pi.=. u , ri i:'"r u, : y on ^ «•»- 

expresses both p„ (Hoodbllry „ ^ of -MM. which 

Sci- USA 77= 21 83 - 21e6) ,„/ the 1980 ' «.tl. Acad. 

I-t. a. cancer 2 Ss 2^ ,\ " " r" " " 

comprised 5 mice. This . •xperiment.i group 

-i» were grafted on bot " l""?"'" "~ 
"ice < 20 sites). control group had 10 

thereat,? £ 'J'" "* " «»■> *«« day 

er ' the mice were inior^w - y 

-° ° f """-y in PKo.pha t e- £ :: e r: al t e tau viin ui " 1 

chosen to provide excess antibody^ d °" — 

separate croups received antibody B2 ' 
combination of th. three, the last " ' 6 - 5 ^ * 

one-third of the dose of each . . " inj " ted »«" 

-ibody inj . ctlons uer ° ' « »^-y. * total of six 

en, at 3^day intervals. The 
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control group was injected with equivalent volun.es of culture 
medium at the same times. 

The mice were inspected three tines weekly over a period 
of 6 months, by the end of the 6 months, all the control' 
nice had died from tumor. At each inspection, two 
perpendicular diameters of each palpable tumor were measured 
and mean tumor diameters USE) were calculated; a tumor is ' 
considered palpable herein when its mean diameter is greate*- 
than or equal to 2 mm. The data are presented as number o/ 
sites with palpable tumor per group out of the total number 
of sites injected. 



7 « MONOCLONAL ANTIBODY HG-21 
Hybridoma MG-21 was derived from one-hybridization of 
mouse spleen cells from mice immunized with the hum-n 
melanoma cell li ne SK-MEL-28 as" desired" in Action 5.1 
The monoclonal antibody MG-'ir is an lg G 3 -antibody "directed 
against the GD3 antigen of human melanoma. The following 
subsections describe the results of various assays which 
demonstrate the ability of antibo dy— fitful to induce >DCC 
and/or complement mediated killing of.:melanoma cells. MG -23 
has characteristics similar to that of MG-21 . 

7 * 1 * ANTIBODY DEPENDENT . €S ^iT. &R - C v T0TOYTrTTV , CC!tv 
in the first set of experiments the M-2669 cell li ne , 
which are human melanoma cells expressing more than 100,000 
molecules per cell of GD3 ganglioside antigen, were incubated 
with purif.ed MG-21 and peripheral blood lymphocytes from a 
normal human subject. The data presented in Table I indicate 
that significant killing of the melanoma target cells was 
observed. m fact, significant killing of the melanoma 
target cells was observed even at a small antibody 
concentration (1 „g /ml) and a low lymphocyte tQ ^ 
ratio (10:1). B y contrast, lymphocytes alone, the MG-21 
antibody alone, or lymphocytes incubated with either • antibody 
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96.5 which is directed against P 97, a tumor-associated 
protein antigen, and antibody 48.7 directed against a 
proteoglycan also expressed strongly by the same melanoma 
cells, did not cause significant release of isotope. 



TABLE I 



ADCC against M-266 9 Melanoma Cells as Targets 
With Human Lymphocytes Combined with Antibody 





% Cvtotoxicitv 


of M-2669 


Taroet Cells 


RATIO 

Human Lymphocytes 

Per Taroet Cell " 


MG-21 
.( va/ml) 
10 1 


96.5 

( vq/ml) 
10 


48.7 

( wo/ml) 
10 


10D" — ^= •-- - 


"~82 76 


0 


0 


10 " ' 


"64 52 


ND 


ND 


1 


14 13 


ND 


ND 



* .-K C 2 t6£5x , iel - tY vas determined in 4-hr 51 Cr-release assav 

gav" b ?J«%^?:;^T"? 0 . Cy ^ t0XiCity and ly»P»»ocyJ:: "Ine' 
gave less than -or equal to 5% cytotoxicity. 



ND, not done. 



The results in Table II show that incubation of the 
lymphocytes from normal subjects with anti-Leu-llb antibody 
and complement abolished the ability of the lymphocytes to 
lyse the target cells (i^, to mediate ADCC) in the presence 
of MG-21. This "'indicates that the lymphocytes had the 
characteristics of natural killer (NK) cells (Thompson, et 
al.. 1982, Am. Assoc. for Clinical Histocompatibility 
Testing, 8th Annual- Meeting , p. A23) . 
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TABLE II 



Inhibition of ADCC against M-2669 Melanoma Cells 

Sublet JiS K?? ? f L ^P hoc ^« ^om a Normal 
. sublet with Anti-Leu - Il b Antibody and Complex 



Treatment of 
Lymphocytes 

None 

(culture medium) 

Complement 

Anti-Leu-llb and 
Complement 



% Cvtolvsis * 



Lymphocytes Lympnocytes + MG-21 
SlSSS _(ipuo/ml) 



3 
3 



24 
22 



"10 lymphocytes per target cell 



cancer, th. next st.p was to lnv.stig.te whether lymphocytes 
from patients with disseminated metasta... could ,.-„. „ 

IJTSI V'l.' ADCC Si "" th «« »ou U 

most likely be th. first c.ndidat.s for th.r.peutic trials. 
-As-shown in Table III, lymphocytes from such patients failed 
to mediate significant ADCC. However, significant killing by 

-nd HG-21 antibody was observed, if the lymphocytes were 

alttTTr * PreP ' r " i0 " gaining a t-c.u growth 

ractor for 5 days; see Table IV. 



* 
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10 



15 



TABLE III 

ADCC against H-2669 Melanoma Cells and 
Lymphocytes from Normal Subjects or Melanoma 
Patients Combined With Antibocv MG-21 

Human % Cytotoxicity of M-2669 Target Cells 

Lymphocyte 

Donor No Antibocv MG-21 

Normal Subjects 

N-l 6 51 

N-3 6 55 

Stage IV Melanoma 

M-3 4 2 

M-5 3 7 

Stage I Melanoma 

m-2 -o .-_^ 7r ; = ^_; ..3i._ . 

100 effector cells ( lymphocytes) "/target cell ( M-2^69 >• and-50 
pg/ml MG-21. 



20 



25 



30 



35 
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TABLE IV 



15 



20 



vjp Activity and ADCC against H-2669 Melanoma Cells and 
MtAocyMS Xneub«t«d In Vitro with T-Cell Growth 
FaltSr (IL-2) for 5 Days Prior to Combining them 

with Antibody MG-21 and Taroet Cells 



Lymphocytes 



% Cytotoxicity or 
m-2669 Taroet Cells 



Ratio Lvmohocvtes 
10 to 



Donor Target Cell 

Stage IV 10 

prostate 

Carcinoma 

Stage i: 10 

Breast 

Carcinoira 



MG-21 

( va/ml) 


Un- 
Treated 


TCGF 
Treated 


0 


0 


20 


10 


6 


36 


0 


2 


68 


10 


25 


8.5 


0 ' 


2 


29 


10 


11 


55 



7.2. COMPLEMENT-MEDIATED CYTOTOXICITY ASSAY _ •-. 

The cytotoxicity of antibody MG-21 to GD3-positive " 
melanoma cells in the presence of human serum as a source of 

25 complement was determined using a 4-hr Cr-release -*s**y 

similar to the ADCC assay but adding undiluted unheated human 
serum instead of lymphocytes. As shown in Tables V and VI 
antibody MG-21 gave a strong cytotoxic effect in the presence 
of human serum. Heat inactivation (56-C tor 30 minutes) or 
30 the human serum abolished its effect. 

The results in Table V demonstrate that up to 100% or 
the target cells were lysed when antibody MG-21 and human, 
serum were both added. Antibody MG-21 alone and human serum 



35 
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alone had no cytolytic effect « v 

ytoiyt.c ertect. 



10 



15 



20 



TABLE V 

Lysis of Tumor Cell* k,. » . 
Target r -s, ~ CwiPlenern- 



SK-MEL-28 



GD3 
Expression 

+++ 



- , MG-21 
Complement- ( UQ/nlJ 



M-2669 

M-2765 
H-3021 
H-2722 



++ + 



+++ 



Inactive 
Active 

Active 



50 

50 
10 
1 




Active 
Active. 
Active 



50 

"10 " r 

50 
10 



-50- 



50 
10 



30 
2 

" r 0 

•-—100 

58 

-_. ._ 2 ._ 

100 
77 

. _ 0 
0 

1 
3 



25 



30 



The *«ult« in Table vi i. 
*-«. antibodies 96 . 5 ind 4 V ""r":" 6 t. 
-"•»««-..«ci. t . d anti ; e d n 8 ;' *"»<•> «. specific £or 

respectively, £aile „ f °" ln a protec B l yca „; 

*~~ of cc» plem „" kin >«««.«• cir i„ t „. 



35 



10 




% Complement Dependent Lysis 
o{ H-2669 Target c»n« 



Antibody 
MG-21 
96.5 
48.7 



Antibody Concentra tion (uo/mM 
64 24 



3 
1 



2 
7 



associated proteoalvesn »n?<«f y t 2 deflnes a melanoma- 



j* ; h iew 01 the in <".i°pi» 9 t h « apy £or h , T , an 

e.ne«. th. next ,t.p ... t. inv.tio.t. wh.th.r s.tu* f-on, 

ao.qu.t. sourc. of cempl.rn.nt with .ntiboay MO-21 . Ih . 
». u Xt. in »»"• VI! o.aonstr.t. that th. e-pl«„ t 
25 a.p,no.nt cytotoxicity of «G- 21 »„ .».„ illghtly 

h ;;r r ved £rom * ^ ^ » "«..» 

with serum from a normal subject. 



30 
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10 




Normal 

Stage iv 
Melanoma 
M-7 



83 



64 



20 



2S 



Hybridcas 2B2 ^TTT^^^ 3 ^-^ 

^i«»tio, 0£ : £rom one 

„ onoclonal . Bll ^ , 1 " in Section 

Erected ag»i nst th y 292 " « I9G3 antibody 

-lections d. SC rL"": £ bUm " "" Un °'"- Ihe 
»M=h demonstrate t he ^t^jr'T ° £ V « i0 - »«a ys 
""body dependent cellule, I ! * to indu « 

- - — oy t^^rrrij: -r- ceus 



35 



-29- 



0234122 



subject or from mice. The data presented in Table VIII 
indicates that significant killing was observed. 



TABLE VIII 



ADCC Against Tumor Cells as Targets and 
Lymphocytes Combined With Anti-GD3 Antibody 23 2 



Target 
Cell 



Lvmphocvtes 



% 



Donor No. /Target Cell Antibody( tig/ml ) Cytotoxicity 



SK-MEL-28 Human 
10 (GD3+) 



15~ 



M-266 9" 
(GD3+) 



House 



Human 



20 



CH27 
(GD3-) 



Human 



25 



100 


2B2 


10.0 


37 






1.0 


31 






0 1 








0 01 
w . if X 


Q 

o 






o 


C 

D 


0 




10.0 


0 


100 


48.7 


10.0 


0 


100 


2B2 


10.0 


21 






0 


1 


0 




10.0 


1 


100 


IF4 


10.0 


4 


100 


2B2 


10.0 


68 






1.0 


50 


10 




10.0 


40 






1.0 


17 


1 




10.0 


13 






1.0 


7 


100 


96.5 


10.0 


0 


100 


48.7 


10.0 


0 


100 


2B2 


10.0 


0 






0 


0 


0 




10.0 


0 



51, 



Cytotoxicity was determined in 3-hr "Cr-release assay, 
except for assays. in which M-2669 was the target cell in 
which case cytotoxicity was determined in 4-hr incubations.' 



By contrast, the lymphocytes alone, the 2B2 antibody 
alone or lymphocytes incubated with either antibody 96.5 
which is directed against p97, a tumor-associated 
glycoprotein antigen and antibody 48.7 directed against a 
proteoglycan also expressed strongly by the same melanoma 
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cells and did not cause significant release o: isotope. 
Antibody 232 and lymphocytes had no efiect on target cells 
from a control tumor, CH27, which does not express the GD3 
antigen. Antibody 2B2 also gave significant ADCC with mouse 
5 spleen lymphocytes as effectors, but antibody IF4 did not. 

The ADCC activity of antibody 2B2 was evaluated in the 
presence of lymphocytes from five different normal donors. 
As shown in Table IX, effector cells from each of the donors 
l0 gave strong ADCC. 



- — --: TABLE IX 

= .._„ .lAPCC Against M-2669 Cells as Targets and Lymphocytes 

15 from Normal Subjects Combined with Antibody 2B2 

Normal 

Human Cytotoxicity of M-2669 Taroet Cells 

Lymphocyte Ratio ot Lymphocyte ;Taroet Cell 

Donor 100;1 ToTT 



;20 



A 82 50 

B 55 26 

; C 64 ND 

& 85 ND 

25 E 88 ND 

Cytotoxicity was determined in a 4-hr 51 Cr-release 
assay. Antibody alone gave no cytotoxicity and lymphocytes 
. alone. gave less than or equal to 5% cytotoxicity. ND, not 
done 



30 ' 

It- was also- investigated whether lymphocytes from 
patients with dfsseminated metastases could serve as ettecto^ 
cells in the ADCC assay with antibody 2B2. 
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As shown in Table X, lymphocytes from such patients failed to 
mediate ADCC. These data are similar to those given in Table 
III for MG-21. 



TABLE X 

ADCC Against M-2669 Cells as Targets and. Lymphocytes 

from Nonnal Subjects of Melanoma Patients 
When Combined With Antibody 2B2 

10 Human % Cytotoxicity of M-2669 Target Cells 

Lymphocyte " ' 

Donor No Antibody 2B2 

Normal Subjects 

N-l 6 34 

N-3 6 38 

15 Stage IV Melanoma 

M-3 --- 4 3 

M-5 * - — - .-y — 5 

Stage I Melanoma 

M-2 0 15 



20 



25 



100 effector cell s_ (^lymphocytes) /target cell (M-2669) 
and 50 wg/ml 2B2. - ■ . 



30 



8.2. COMP LBMENT- - ME-DIATED- CYXOTO X I C IT Y AS SAY 
The cytotoxicity of GD3-positive melanoma in the 
presence of human serum as a source of complement was 
determined using a 4-hour 51 Cr-release assay similar to the 
ADCC assay but adding undiluted unheated human serum instead 
of lymphocytes. Unlike antibody -MG-21 , antibody 2B2 gave no 
effect. 



35 
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8.3. ANTITUMOR EFFECTS OF ANTIBODY 232 IN VIVO 
We tested whether antibodies 2B2 or IF4 had any 
antitumor effect in vivo . These antibodies were .chosen 
because 2B2 but not IF4 gave ADCC with mouse effector cells 
(see Table VIII). Melanoma M-2586 was used as a target, 
since it grows extremely well in nude mice, expresses the GD3 
antigen, can be used as a target for 2B2-mediated ADCC, and 
can competitively inhibit ADCC against SK-MEL-28 cells. M- 
2586 was grafted onto both flanks or nude mice, and the mice 
were injected with a dose of antibody expected to give a 
blood concentration exceeding that needed for ADCC in vivo. 
Anti-p97 antibody 96.5 was tested in parallel, as was a 
combination of all three antibodies (same total antibody 
concentration) • 

= ""As-shown in Table XI, antibody 2B2 almost completely 

supressed-the. outgrowth of melanoma grafts, with only 1 of 10 
injected sites having a detectable tumor four months after 
grafting, as compared to 19 of 20 sites in the control. The* 
-small implanted, tumor pieces thus had been rejected at all 10 
sites' in the 2B2 group except for one. Six months after 
grafting, A mice in the 2B2 group survived, tumor-free, but 
all the controls were dead with large (greater than 15 -nun 
Wameter) tumors. Neither antibody 96.5 nor antibody IF4 
inhibited tumor outgrowth. The group receiving a combination 
of antibodies 2B2, IF4, and 96.5 also showed inhibition, with 
3 of 10 sites developing progressively growing tumors. 

The inhibition mediated by antibody 2B2 was 
statistically significant from 2 months after tumors were 
implanted whether the comparison with the control group was 
mace on the basis of the number of sites with tumor, using a 
Fischer table {? less than 0-001), or on the basis of mean 
turner diameters, "using Student's t test (P less_than 0.001) - 
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TA3LE XI 

Antibody 2B2 Inhibits Outgrowth 
5 of Human Melanoma in Nude Mice 



Sites with tumor/total 
number of sites 





Treatment 


2 months 

after 
transolant 


4 months 

atter 
transDiant* 


10 


Control (culture medium) 


18/20 


19/20 




Antibody 2B2 (anti-GD3) 


1/10 


1/10 




. Antibody -IF4 (.anti-GD3) 


8/10 


10/10 


15^ 


'Antibody "96.5 (anti-p97) 


9/10 


10/10 




-Combination (2B2, IF-4,.and 96.5) 


3/10 


3/10 



A 1 x 1 mm tumor piece (human melanoma M-2586) was 
grafted on each flank of nude mice. The next day and at five 
subse£U£rvt_times, at 3-day intervals, they were injected 
• intravenously with 1 mg of antibody. There were 5 mice (10 
sites) psyrsroup- except for the control, which had 10 mice 
(20 sites).. 

*A11 mice were dead at 6 months after transplantation 
except for .4 of the 5 mice who received antibody 2B2 and 2 of 
the 5 mice who received the combination; these mice were a'l 
- aHrve— and-t umor~-£ree . 



9. MONOCLONAL ANTIBODY L6 
Hybridoma L6 was derived from one hybridization of 
spleen cells from- mice immunized with a human adenocarc imona 
of the lung, 2981 as described in Section 5.2. The 
monoclonal' antibody : L6 is an IgG2a antibody directed against 
a ganglioside antigen expressed in large amounts at the 
surface of cells from non-small cell lung carcinoma and 
certain other tumors. The following subsections describe the 
results of various assays that demonstrate the ability or 
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icity and/or complement mediated kin,- 

mediates ADCC of target ceUs ^phocytcs 
" ganglioside a „ tigen ( ^ ^""V**' «»»t. or" the 
while target cells expressing 1 U J '"^ ^ 
killed; see Table XII ^ ' " 3ntlSen we *« not 

" antigen, cell l ine 2981 w „ * lln * S "Pawing much 

^ne CH27. The effector 1 """iv. target than 

...Leo-nb .antigen, and thlJtl ^ ^ '° 
--diating ..ADcc of melanoma ia '^'^ " 
^t,as, V -a ntibodies directed to th r e " ^""21 . by 

expres-sed-by-t-he target cell l ine 2 l 81 f 2 — ±I1LLai21 
ADCC. lne 2981 c =>uld not mediate 
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ADCC of Anti 


TABLE 
bodv L6 as Assavec 


XII 

Aaainst Di f re 


rent .Tar 


Oct CciiS 






% 


Cytotoxicity or 


Targ«t 






Human Cells 


with L6 


Antibody 


Target 


Lymphocytes 






ug/ml 


Cell 


No./Taroet Cell 




0 


10 


50 


CH27 


100 




10 


40 


46 


(L6+) 














0 




ND 


ND 


0 


2981 


100 




ND 


66-84* 


ND 


(L6+) 














10 




13 


37 


44 




1 




2 


10 


10 


2964 


100 




2 


13"' 


' 12 



10 



15 



(L6-) 



51, 



Cytotoxicity determined in a 4-hr "Cr-release-assay . 
* These results are based on five pools of L6 antibody 
which had the following toxicity values: 66, 74, 76, 83, 84. 
ND, no data. 
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9.2. COMPLEMENT-MEDIATED CYTOTOXICITY ASSAY - : 
The experiment in Table XIII demonstrates that antibody 
L6, in the presence of human serum as a source of complement, 
can lyse tumor cells expressing the L6 ganglioside antigen 
but not cells lacking the antigen; the latter cells, which 
were GD3 positive, were lysed by complement activated by the 
antibody MG-21 thus demonstrating that the complement used in 
the assay was not inactivated. 
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TABLE XIII 

Cytotoxicity Activity of Antibody L6 In the Presence 
of Unheated Human Serum as a Source of Complemen t 

Tarcet Cells Target Cell Treatment % Complement 

Antl 9 en DeDendent 

Expressed Complement Antibody (uq/ml ) Cytotoxicity 

L6 + L6 50 54 

10 43 
1 i 

10 O3 

0 50 1 

10 3 
0 0 

2669 GD3 + L6 50— - o-- 

15 10 Q _ 
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MG-21 ""50 " 79" — ■ 

10 67 

50 0 
0 0 



Antibodies to three protein antigens expressed by the 
target cell line 2981 which was used in the experiments in 

Table XIII could not activate complement-dependent 

25 cytotoxicity; see Table XIV. 
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TABLE XIV 

Comparison of Complement-Dependent 
5 Cytotoxicity of Several Antibodies Capable 

of Binding to Lung Carcimona Celi Line 2981 

Antibody % Complement Dependent 

( IQug/ml) Cytotoxicity of 2981 

L6 34 

10 L3 3 

L5 6 

L18 5 

None 1 



15 



Antibodies L3, L5 and L18 are directed against protein 
antigens expressed by 2981 cells. 



10. DEPOSIT OF CELL LINES 
20 The following cell lines have been deposited with the 

ATCC, Rockville MD, and have been assigned the following 
accession numbers: 



Cell Line Accession Number 

25 MG-21 HB 9011 

L6 HB 8677 

The present invention has been described in detail with 
particular reference to the above embodiments. It will be 
understood, however, that the present invention is not to be 
30 limited in scope by the embodiments disclosed or ceii lines 
deposited which are intended as illustrations of aspects of 

the invention. 

Indeed, various modifications of the invention in 
addition to those shown and described herein will become 
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1. An antibody for treatment of a tumor which conprises a 
purified or partially purified antibody molecule which is directed 
against a glycolipid antigen expressed by a tumor and which conprises 
an imnunoglobulin subclass that upon conplexing with the glycolipid 
5 tumor-associated antigen activates serum conplenent or mediates 
antibody dependent cellular cytotoxicity so that the cells of the 
tumor are killed. 



2. An antibody according to claim 1 in which the antibody 
10 conprises a monoclonal antibody. 

3. An antibody according to claim 1 or 2 in which the antibody 
conprises an IgM imnunoglobulin. 

15 4. An antibody according to claim 1 or 2 in which the antibody., 

conprises an IgG imnunoglobulin. 

5. An antibody according to claim 1 or 2 in which the antibody 
conprises an IgGl imnunoglobulin. 

20 

6. An antibody according to claim 1 or 2 in which the antibody 
conprises an 1^33 immunoglobulin. 

7. An antibody according to claim 6 in which the antibody 

25 conprises M3-21 which is specific for GD3 ganglioside antigen ~ - 
expressed by human melanoma cells. 

8. An antibody according to claim 1 or 2 in which the antibody 
conprises an I#32a imnunoglobulin. 

30 . - 

9. An antibody according to claim 8 in which the antibody - 
conprises L6 which is specific for a ganglioside antigen expressed by 
human non-small cell lung carcinoma cells. 
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10. An antibody according to claim 1 tor treating » „ 
aelanc™ causing an effective dose of an J^Tl ll 
which is directed against a GD3 glycol^", ^ 

>-"e cexxs or the tumor are killed. 

11. An antibody according to claim l 
arising an effective dose of " £ j ^L^T * *— 9li °~ 
10 directed against a C03 g lyool ipid J^l^T^T " 
which upon hexing with the GD3 ant gen alt^l ^ 
or aediates antibody dependent cellule™ 

of the t«r are Killed ^toxicity so that the cells 



15 12 
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13. A rethod of producing an antibody for treatment „, . 
arising identifying an antibody molecule whichTT * 
1 a glycolipid antigen exore^TJ ^rected-against" . 

i^noglobulin suLlss l t ' "* Khi ^ .^is«^-^- - 

t-r-associatedt nt i ^ e0 * eXin9 ^ ^ " 

r^—. La™ rr 
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CLAIMS: 
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1. A method for producing an antibody for treaty of a tumor 
conprising identifying an antibody molecule which is directed against 
a glycolipid antigen expressed by the tumor and which comprises an 
immunoglobulin subclass that upon complying with the glycolipid 
tumor-associated antigen activates serum complement or mediates 
antibody dependent cellular cytotoxicity (so that the cells of the 
5 t-or are Killed, and isolating said antibody from tissues or cellular 
material m which the antibody is produced. 

to Jdu ^ th ° d i aCOOrdin9 t0 Clai » 1 cell hybrids are formed 

to produced monoclonal antibodys. 

antifcl A I"** aCC ° rdin9 ^ 6lther ° f Cl3imS 1 and 2 in which the 
1 10 .: a "- tlbody produced comprises a monoclonal antibody. 

A aCC ° rdin ^ to of claims 1 to 3 in which the 

antibody produced comprises an IgM inmunoglobulin. 

" antibL '*TZ aCO ° rdin9 ^ ° f ^ 1 t0 3 in -nich the 

™ antibody produced comprises an IgG inmunoglobulin. 

mtll ^ A aCO ° rdin9 t0 ° ne of claims 1 to 3 in which the 

antibody produced comprises a IgGl immunoglobulin. 

antibl A 2^2 aCO ° rdin9 t0 ^ ° f ClaimS 1 ^ 3 in which the 
antibody produced comprises an JgG3 immunoglobulin. 

8. A method according to claim 7 in which the antibody produced 
_ r comprises M3-21 which is specific ^ a GD3 ^ ^ 

25 expressed by human melanoma- cells , - 
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antiJl A 2^ aCOOrdin9 t0 ° f ClaimS 1 t0 3 ^ which the 
antibody produced. comprises an IgG2a immunoglobulin 
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1 16 specific for a qanalioci,^ * 
human m.^ ^ , . S»"91">side antigen expressed by 

cexi iun 9 carcinoma cells, 

11- A msthod acoording to either of „i,< , 

Produced is for treating h ^ 2 *«•*" 0,8 

-igen erased * the .ianj ^ ^ ™ '« 
0D3 antigen activates sen- ~ , ^ <»Plexing with the 

10 ceUuXar cvtotoxicit" ^ " " 

15 * the glioma and which uJT , S^Upid Mt igen . 

-ivates sen, COTplaMnt J^Z a^oTj ^ ^ ^ - 
cytotoxicity. antibody dependent- cellular-=^-- 



